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Background: Insulin-like growth factor II mRNA-binding protein 3 (IMP3) has been reported as a 
prognostic biomarker in various cancers. To validate IMP3 as a prognostic biomarker in renal cell 
carcinoma (RCC), we investigated the expression of IMP3, p53, and Ki-67, and their associations 
with clinicopathologic outcomes. Methods: We studied 148 clear cell RCCs (CCRCCs) from pa- 
tients who underwent radical nephrectomy. The expression levels of IMP3, p53, and Ki-67 were 
assessed by immunohistochemical staining and the clinical and pathologic parameters were ret- 
rospectively reviewed. Results: Twenty-nine percent of CCRCCs expressed IMP3. Forty-one per- 
cent of IMP3-immunopositive tumors developed metastases, while only 1 1 .4% of IMP3-negative 
tumors developed metastases (p<.001). A Kaplan-Meier curve showed that patients with IMP3- 
immunopositive tumors had lower metastasis-free survival and cancer-specific survival than did 
those with IMP3-immunonegative tumors (p<. 001 and p< .001 , respectively). Expression of high 
Ki-67 proliferation index was also associated with a higher metastatic rate. In the multivariate Cox 
regression analysis, pT stage and IMP3-positivity were independently associated with disease- 
specific survival. Conclusions: IMP3 is an independent prognostic biomarker for patients with 
CCRCC to predict metastasis and poor outcome. 

Key Words: Carcinoma, renal cell; IMP3; Tumor suppressor protein p53; Ki-67; Neoplasm metas- 
tasis 



Renal cell carcinoma (RCC) is the most common type of re- 
nal cancer and accounts for about 90% of malignant renal tu- 
mors. 1 " 4 Overall, RCC is the 10th most common malignancy in 
men and 14th in women in South Korea. The incidence of RCC 
has increased in recent years, with 6.9 cases per 100,000 people 
in 2009 compared with 3.0 cases per 100,000 in 1999- 5 There 
are several subtypes of RCCs, including clear cell or conven- 
tional, papillary, and chromophobe RCCs. 4 Of these subtypes, 
clear cell RCC (CCRCC) is the most common, comprising 
about 70% of all RCCs. Nuclear grade, performance status, and 
stage are well-known prognostic factors in CCRCC 6,7 A num- 
ber of biomarkers including basic fibroblast growth factor, vas- 
cular endothelial growth factor receptor, interleukin-8, matrix 
metalloproteinase (MMP)-2, MMP-9, vimentin, MHC class II, 
E-cadherin, and epidermal growth factor receptor have been re- 
ported to predict disease progression or distant metastasis. 1 
However, these biomarkers are not sufficiently meritorious to 
firmly establish their prognostic values. 1,8 

Insulin-like growth factor II (IGF-II) mRNA-binding pro- 
tein 3 (IMP3) is an oncofetal protein. It is a member of the IGF- 
II mRNA binding protein (IMP) family that consists of IMP1, 



IMP2, and IMP3. IMP3 stabilizes mRNA such as IGF-II and 
has been suggested to play an important role in cell growth and 
migration. 9 " 11 IMP3 is expressed in developing tissue during 
early embryogenesis, but at low or undetectable levels in adult 
tissues. Recent studies have demonstrated that IMP3 is ex- 
pressed in malignant tumors of the bile duct, lung, gastrointes- 
tinal tract, liver, endometrium, and urinary bladder, whereas it 
is not detected in adjacent benign tissues, indicating that IMP3 
might have a critical role in tumor proliferation, invasion, or 
metastasis. 9,12 " 16 In the kidney, several studies demonstrated that 
expression of IMP3 was significantly increased in both primary 
and metastatic RCCs, and RCCs with IMP3 expression were 
more likely to subsequently develop distant metastasis, suggest- 
ing that IMP 3 expression could be a prognostic biomarker for 
patients with RCC. 2 However, no study of RCC performed in a 
Korean population has been reported. 

p53 is a tumor suppressor. It regulates the cell cycle and in- 
duces apoptosis when DNA damage or other cellular stress oc- 
curs. Mutations of p53 or functional inactivation of the intact 
p53 gene are common in many human cancers and over-expres- 
sion of p53 is associated with poor prognosis in a variety of can- 
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cers. Recent studies have reported that mutations of p53 were 
found in 0% to 44% of renal malignant tumors and higher p53 
expression levels were associated with poor prognosis in CCR- 

cc. 17 - 19 

Ki-67 is a proliferation marker and is selectively expressed in 
cells that have entered the cell cycle. Higher Ki-67 expression 
is generally correlated with higher tumor grade and worse prog- 
nosis. The Ki-67 proliferating index (PI) may have a correlation 
with clinical outcomes of CCRCC patients as well. 7 

The aim of this study was to determine the association of 
IMP3 expression with clinicopathologic variables and to evalu- 
ate whether IMP3 status can be an independent prognostic fac- 
tor of CCRCC to predict metastasis and patient survival in a 
Korean population. In addition, we tried to validate the prog- 
nostic significance of p53 expression and Ki-67 PI. 

MATERIALS AND METHODS 

Patient selection and clinicopathologic data 

We studied 148 consecutive patients who underwent radical 
nephrectomy for CCRCCs from the archives of the Pathology 
Department of Keimyung University Dongsan Medical Center 
between 1993 and 2007. Clinicopathologic data were obtained 
by reviewing all clinical and pathologic reports for each patient. 
Hematoxylin and eosin (H&E)-stained sections of all samples 
were available for review and 2 pathologists confirmed the di- 
agnoses. T classification (or T stage) was defined according to 
the seventh edition of the American Joint Committee on Can- 
cer (AJCC) cancer staging manual and the nuclear grading was 
rendered according to Fuhrman's grading scheme. Metastasis 
was determined based on surveillance imaging or histologic 
evaluation of a metastatic site. Metastasis-free survival was cal- 
culated from the date of nephrectomy to the date of metastasis 
detection or the last follow-up in patients with no evidence of 
metastasis. Cancer-specific survival was measured from the date 
of nephrectomy to the date of death with disease or date of the 
last follow-up for survivors. 

Tissue microarray and immunohistochemical staining 

From each case of CCRCCs, two to three 3.0 mm cores were 
taken from morphologically representative regions of each for- 
malin-fixed paraffin-embedded tumor and precisely arrayed by 
a manual method. Five-um-thick sections of the tissue microar- 
ray blocks were cut and H&E staining was performed by the 
usual methods. From each tissue microarray block, 4-um-thick 
sections were deparaffinized, rehydrated, and quenched with 
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hydrogen peroxide. Immunohistochemical staining was con- 
ducted using Bench Mark XT with iVIEW DAB detection kit 
(Ventana Medical Systems, Tucson, AZ, USA). The primary an- 
tibodies used were IMP3 (1:300, M3626, Dako, Carpinteria, CA, 
USA), p53 (1:100, M7001, Dako), and Ki-67 (1:200, abl6667, 
Abeam, San Francisco, CA, USA). The sections were visualized 
with diaminobenzidine and counterstained with hematoxylin. 
Tissue of RCC with known IMP expression was used as a posi- 
tive control. Immunohistochemical staining with primary anti- 
body omitted was used as a negative control. 

Analysis of immunohistochemical staining 

Immunostaining for IMP3 showed a cytoplasmic or mem- 
branous pattern (Fig. 1). Nuclear expression for p53 and Ki-67 
were accepted as positive. Two pathologists, blinded to clinico- 
pathologic variables and clinical outcome, evaluated the inten- 
sity and extent of the immunostaining. IMP3 and p53 expres- 
sion levels were semi-quantitatively assessed and classified into 
negative and positive groups. The negative group was defined 
as cases in which the number of cells stained was less than 5%, 
while the positive group included cases in which the number of 
cells stained exceeded 5%. The 5% cut-off appeared to be opti- 
mal for stratifying expression. Quantification of Ki-67 PI was 
performed by assessing the percentage of stained tumor cells 
using a Nikon eclipse 50i light microscope (Nikon, Tokyo, Ja- 
pan) with a 40 x objective lens (Plan Fluor 40 X /0.75, Nikon). 
The percentage of stained cells was examined in the maximally 
stained area with 5 consecutive high power fields (HPF) (field 
area of one HPF, 0.307 mm 2 ). The average percentage of stained 
cells was recorded after repeating the process three times. K-67 
status was then classified as a low (less than 10% tumor cells) or 
a high (more than 10%) PI group. 

Statistical analysis 

Age, sex, tumor size, pT stage, presence of sarcomatoid change, 
nuclear grade, status of survival, and presence of metastasis were 
collected as fundamental variables. Associations of EVIP3, p53, 
or Ki-67 expression with clinicopathologic features were evalu- 
ated using independent t-test, chi-square, and Fisher exact 
tests. Cancer-specific survival and metastasis-free survival were 
estimated by the Kaplan-Meier method using the log rank test. 
Multivariated analyses for survival were performed with Cox re- 
gression tests and summarized with hazard ratio (HR) and 95% 
confidence intervals (CI). A two-sided p-value of < .05 was con- 
sidered statistically significant. PASW ver. 18.0 (SPSS Inc., 
Chicago, IL, USA) was used for statistical analysis. 
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Fig. 1. Insulin-like growth factor II mRNA-binding protein 3 (IMP3), Ki-67, and p53 expression levels in a clear cell renal cell carcinoma (CC- 
RCC) patient with metastasis. (A) Histologic features of CCRCC with metastasis (hematoxylin and eosin staining). (B) Immunohistochemical 
staining for IMP3 shows diffuse positivity in cytoplasmic and membranous pattern. (C) Ki-67 proliferating index is high (greater than 10%). (D) 
Immunohistochemical staining for p53 shows positivity in more than 5% of tumor cells. 



RESULTS 

Clinicopathologic features 

Our study included 108 males (73.0%) and 40 females (27.0%) 
who were aged from 19 to 82 years with a mean age of 56.2 + 
11.6 years. The average tumor size was 5.6+2.5 cm (range, 1 
to 14 cm; median, 6.0 cm). The tumor pT stage consisted of 94 
cases (63.5%) of pTl, 27 (18.2%) of pT2, 26 (17.6%) of pT3, 
and 1 (0.7%) of pT4. The Fuhrman's grading of the tumors was 
as follows: 2 (1.4%) grade 1, 37 (25.0%) grade 2, 99 (66.9%) 
grade 3, and 10 (6.8%) grade 4. Sarcomatoid changes were ob- 
served in 6 cases (4.8%). 

The mean follow-up period was 61.8 + 46.1 months (range, 
0 to 227 months; median, 55.5 months). During follow-up, 30 
patients (20.3%) developed distant metastasis at a mean of 34.3 
±44.2 months (range, 0 to 119 months; median, 16.5 months). 
The most common site of metastasis was the lung (n= 19) fol- 



lowed by bone (n= 12), liver (n= 8), and brain (n= 2), respec- 
tively. During follow-up, 15 patients (10.1%) died with disease 
at an average of 27.7 + 26.9 months (range, 3 to 100 months; 
median, 1 5 months) after nephrectomy. 

Relationships between immunohistochemical staining 
results with patient outcomes 
IMP3 expression 

Forty-three cases (29.1%) of CCRCCs were positive for IMP3 
and 105 cases (70.9%) were negative. The patient outcomes 
were not significantly different with regard to extent of IMP3 
immunopositivity (data not shown), as shown in a previous study. 8 
Thus, this study analyzed two groups of CCRCCs, IMP3-im- 
munopositive and IMP3-immunonegative. Comparisons of 
clinicopathologic features by IMP3 expression are summarized 
in Table 1. The IMP3-immunopositive tumors were larger than 
IMP3-immunonegative tumors (p = .001) and presented at 
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Table 1. Comparison of clinicopathologic features by IMP3 tumor 
expression for patients with clear cell renal cell carcinoma 



Feature 


IMP3 expression 


p-value 


Negative (n=105) 


Positive (n=43) 


Age (yr) 


55.9 ±11. 7 (19-82) 56.9 


I I I.D [illj ( Oj 


.648 


Size (cm) 


5.2 + 2.2 (2-11) 


6.6: 


t £-.0 { I .U I H.Uj 


.001 


Sex 








.158 


Male 


73 (69.5) 




at; /Q1 A\ 




Female 


32 (30.5) 




D H Q C\ 
o { I O.uj 




pT stage 








.001 


PT1 


74 (70.5) 








pT2 


20 (19.0) 




7HC01 




pT3 


11 (10.5) 




1 c; (OA Q\ 




pT4 


0 10) 




1 to o\ 




Nuclear grade 








<.001 


1 


2(1.9) 




0(0) 




2 


35 (33.3) 




2 (4.7) 




Q 
O 


68 (64.8) 




31 (72.1) 




4 


0(0) 




10(23.3) 




Sarcomatoid change 








<.001 


Absent 


105 (100) 




37(0) 




Present 


0(0) 




6(100) 




Distant metastasis 








<.001 


Absent 


93 (88.6) 




25 (58.1) 




Present 


12(11.4) 




18(41.9) 




Outcome 








<.001 


Alive 


101 (96.2) 




32 (74.4) 




Died of disease 


4 (3.8) 




1 1 (25.6) 





Values are presented as mean ± standard deviation (range) or number of 
patients (%). 

The bold values indicate a statistically significant difference (p< .05). 
IMP3, insulin-like growth factor II mRNA-binding protein 3. 



higher pT stage (p = .001). For pTl and pT2 tumors, 21.3% 
(20/94) and 25.9% (7/27) were IMP3-immunopositive. For 
pT3 and pT4 tumors, 57.7% (15/26) and 100% (1/1) were 
IMP3-immunopositive. IMP3 expression was significantly as- 
sociated with higher tumor grade (p< .001) and sarcomatoid 
change (p < .001). While no grade 1 and 5.4% (2/37) of grade 2 
tumors showed IMP3 positivity, 31.3% (31/99) and 100% 
(10/10) of grades 3 and 4, respectively, were positive for IMP3. 
IMP3 expression also showed a strong relationship with distant 
metastasis (p<.001) and patient outcome (p<.001). Patients 
with IMP3-immunopositive tumors were greater than 5 times 
more likely to progress to distant metastasis compared with pa- 
tients with IMP3-immunonegative tumors (odds ratio [OR], 
5.580; 95% CI, 2.377 to 13.101). In addition, IMP3-immu- 
nopositive tumors were associated with a greater than 8-fold in- 
creased risk of disease-related death (OR, 8.680; 95% CI, 2.584 
to 29.150). There were no correlations between IMP3 expres- 
sion and age or sex. 



Table 2. Comparison of clinicopathologic features by tumor ex- 
pression of p53 and Ki-67 for patients with clear cell renal cell car- 
cinoma 



Feature 


n 


p53 positive (n=61) 


Ki-67 high (n = 44) 


n(%) 


p-value 


n (%) 


p-value 


Sex 






.092 




.242 


Male 


108 


49 (69.5) 




35 (79.5) 




Female 


40 


12(30.5) 




9 (20.5) 




pT stage 






.966 




<.001 


PT1 


94 


40 (65.8) 




21 (47.7) 




pT2 


27 


9(14.8) 




7(15.9) 




pT3 


26 


11 (18.0) 




15(34.1) 




pT4 


1 


1 (1 .6) 




1 (2.3) 




Nuclear grade 






.605 




<.001 


1 


2 


1(1.6) 




0(0) 




o 
Z 


01 

of 


15(24.6) 




4(9.1) 




3 


99 


39 (63.9) 




33 (75.0) 




4 


10 


6 (9.8) 




7(15.9) 




Sarcomatoid change 






.230 




.009 


Absent 


142 


57 (93.4) 




39 (88.6) 




Present 


6 


4 (6.6) 




5 (1 1 .4) 




Distant metastasis 






.497 




.007 


Absent 


118 


47 (77.0) 




29 (65.9) 




Present 


30 


14(23.0) 




15(34.1) 




Outcome 






.651 




.130 


Survival 


133 


54 (88.5) 




37(84.1) 




Died of disease 


15 


7(11.5) 




7(15.9) 





Values are presented as number of patients (%). 

The bold values indicate a statistically significant difference (p<0.05). 



Table 3. Comparison of IMP3 expression by 53 and Ki-67 expres- 
sion for patients with clear cell renal cell carcinoma 



Feature 


Tumor IMP3 expression 


p-value 


Negative (n=105) 


Positive (n=43) 


p53 






<.001 


Negative 


72 (68.6 ) 


15(34.9) 




Positive 


33 (31 .4 ) 


28(65.1) 




Ki-67 PI 






<.001 


Low(<10%) 


87 (82.9 ) 


17(39.5) 




High (> 10%) 


18(17.1 ) 


26 (60.5) 





Values are presented as number of patients (%). 

The bold values indicate a statistically significant difference (p< .05). 

IMP3, insulin-like growth factor II mRNA-binding protein 3; PI, proliferating 

index. 



p53 expression 

Tumors with p53 positivity (more than 5% of tumor cells) 
were found in 61 (41.2%) of 148 patients with CCRCC. The 
average ages of patients with p53-immonopositive and -immu- 
nonegative tumors were 55. 3± 10.5 years (range, 26 to 81 years; 
median, 55 years) and 56.9 ± 12.3 years (range, 19 to 82 years; 
median, 58 years), respectively. The average sizes of p53-positive 
and -negative tumors were 5.4 + 2.6 cm (range, 1.0 to 13-0 cm; 
median, 5.0 cm) and 5.7 ± 2.4 cm (range, 2.0 to 14.0 cm; medi- 
an, 6.0 cm), respectively. No statistical differences in patient age 
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Table 4. Associations between clinicopathologic parameters and outcome of patients with clear cell renal cell carcinoma 



Feature 




Metastasis 






Died of disease 




Ahspnt (n — 1 1 Pt\ 


PrpQpnt in - ^Ch 


n-vsli ip 

ij value 


Ahspnt in - 1 


PrpQpnt in — 1 


rv\/£ili ip 


Age (yr) 


55.4 ±11. 7 


59.3 + 13.1 


.100 


56.1 ±11.7 


57.5 + 11.2 


.663 


Size (cm) 


5.3 ±2.4 


6.8±2.6 


.002 


5.5±2.4 


6. 9±3.0 


.034 


Sex 






.332 






.357 


Male 


84 (71 .2) 


24 (80.0) 




95(71.4) 


13(86.7) 




Female 


34 (28.8) 


6 (20.0) 




38 (28.6) 


2(13.3) 




pT stage 






<.001 






<.001 


pTI 


82 (69.5) 


12(40.0) 




88 (69.5) 


6 (40.0) 




pT2 


24 (20.3) 


3(10.0) 




27 (20.3) 


0 (0.0) 




pT3 


12(10.2) 


14(46.7) 




18(10.2) 


8 (53.3) 




pT4 


0(0) 


1 (3.3) 




0(0) 


1 (6.7) 




Nuclear grade 






<.001 






<.001 


1 


2(1.7) 


0(0) 




2(1.5) 


0(0) 




2 


36 (30.5) 


1 (3.3) 




36(27.1) 


1 (6.7) 




3 


78(66.1) 


21 (70.0) 




91 (68.4) 


8 (53.3) 




4 


2(1.7) 


8 (26.7) 




4 (3.0) 


6 (40.0) 




Sarcomatoid change 






.001 






<.001 


Absent 


117(99.1) 


25 (83.3) 




132(99.2) 


10(66.6) 




Present 


1 (0.9) 


5 (16.7) 




1 (0.8) 


5 (33.4) 




IMP3 






<.001 






<.001 


Negative 


93 (78.8) 


12(40.0) 




101 (71.2) 


4 (26.7) 




Positive 


25(21.2) 


18(60.0) 




32 (28.8) 


11(73.3) 




p53 






.497 






.651 


Negative 


71 (60.2) 


16(53.3) 




79 (59.4) 


8 (53.3) 




Positive 


47 (39.8) 


14(46.7) 




54 (40.6) 


7 (46.7) 




Ki-67 PI 






.007 






.130 


Low(<10%) 


89 (75.4) 


15(50.0) 




96 (72.2) 


8 (53.3) 




High (> 10%) 


29 (24.6) 


15(50.0) 




37 (27.8) 


7 (46.7) 





Values are presented as mean ± standard deviation or number of patients (%). 

The bold values indicate a statistically significant difference (p< .05). 

IMP3, insulin-like growth factor II mRNA-binding protein 3; PI, proliferating index. 

and tumor size were present between p53-immunopositive and 
-immunonegative tumors. There were also no correlations be- 
tween p53 positivity and sex, grade, sarcomatoid change, pT 
stage, development of metastasis, or death with disease (Table 2). 
However, tumors with p53 positivity showed more frequent 
IMP3 expression (p<.001) (Table 3). Among 61 p53-immu- 
nopositive tumors, 28 (45.9%) tumors showed IMP3 positivity. 
Of 87 p5 3 -immunonegative tumors, only 15 (17.2%) tumors 
were classified as IMP3 -positive. 

Ki-67 PI 

Among the 148 tumors, 44 tumors (29.7%) showed high Ki- 
67 PI and the remaining 104 tumors (70.3%) showed low PI. 
The average ages of patients with high and low PI were 57.4 
±11.8 years (range, 30 to 81 years; median, 59.5 years) and 
55.7+11.5 years (range, 19 to 82 years; median, 55.5 years), re- 
spectively, and were not statistically different. A tumor with 
high PI (6.2 + 2.9 cm; range, 1 to 14 cm; median, 6.0 cm) tend- 
ed to be larger than a tumor with low PI (5.3 ±2.2 cm; range, 2 



to 11 cm; median, 5.0 cm) but the difference was not signifi- 
cant. Having high PI was associated with higher tumor grade, 
sarcomatoid change, higher pT stage, and more frequent metas- 
tasis (p< .001, p = .009, p< -001, and p= .007, respectively) but 
not with cancer-specific survival (Table 2). PI also showed strong 
correlations with IMP3 and p53 positivity (p<.001 and p< 
.001, respectively) (Table 3). Of 44 tumors with high PI, 26 
(59.1%) and 28 (63.6%) revealed IMP3 and p53 positivity, re- 
spectively, while 17 (16.3%) and 33 (31.7%) of 104 low PI tu- 
mors were IMP3- and p53-immunopositive, respectively. 

Analyses of risk factors for disease progression 

Analysis results for risk factors of metastasis are summarized 
in Table 4. More frequent metastases were observed in patients 
with tumors with IMP3 expression or high Ki-67 PI (p< .001 
and p= .007, respectively). The positive and negative predictive 
values of IMP3 positivity for metastasis were 41.9 and 88.6, re- 
spectively, compared with 15.9 and 92.3, respectively, in the 
case of high Ki-67 PI. Co-expression of IMP3 and high K-67 
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IMP3-negative 



IMP3-positive 



p<.001 



50 



100 
Time (mo) 



150 
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in 
o 

"o 
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CO 

O 
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Time (mo) 
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Fig. 2. Kaplan-Meier curves depicting the impact of insulin-like growth factor II mRNA-binding protein 3 (IMP3) expression on the metasta- 
sis-free survival (A) and cancer-specific survival (B) of patients with clear cell renal cell carcinoma. 



PI showed 26.9 of positive predictive value and 93-4 of nega- 
tive predictive value. Development of metastasis also correlated 
with tumor size, pT stage, sarcomatoid change, and nuclear 
grade (p=.002, p<.001, p=.001, and p<.001, respectively). 
No correlation was observed between metastasis and age, sex, or 
p53 expression. For multivariated analysis, tumors were re- 
grouped in terms of pT stage and nuclear grade. Tumors with 
pT stages 1 or 2 were considered as low and those with stages 3 
or 4 as high. The tumors with nuclear grades 1 or 2 were 
grouped as low and tumors with grades 3 or 4 as high. After 
adjustment for nuclear grade, pT stage, and IMP3 positivity, 
multivariate analysis showed that the high pT stage (p= .001; 
OR, 5.924; 95% CI, 2.153 to 16.302) and IMP3 positivity 
(p = 0.045; OR, 2.665; 95% CI, 1.021 to 6.956) were indepen- 
dently associated with metastasis. 

Survival analyses 

In Kaplan-Meier analysis using the log-rank test, IMP3 ex- 
pression was significantly associated with shorter metastasis-free 
survival (p < .0001) and disease-specific survival (p < .0001) (Fig. 
2). Overall metastasis-free survival rates at 5 years and 10 years 
after nephrectomy were 80% and 72%, respectively. Metastasis- 
free survival rates at 5 and 10 years for patients with IMP3-im- 
munopositive tumors were 60% and 46%, respectively, com- 
pared with 88% and 82%, respectively, for patients with IMP3- 
negative tumors. Overall disease-specific survival rates at 5 and 
10 years were 93% and 93%, respectively. Survival rates at 5 
and 10 years for patients with IMP3-immunopositive tumors 



were 70% and 70%, respectively, compared with 96% and 
91%, respectively, for patients with IMP3-immunonegative tu- 
mors. Among other clinicopathologic values, grade, pT stage, 
and high Ki-67 PI significantly correlated with shorter metas- 
tasis-free survival (p<.0001, p<.0001, and p = .002), while 
grading and pT staging were also associated with shorter dis- 
ease-specific survival (p<.0001 and p<.0001, respectively) 
(Figs. 3, 4). In the multivariate Cox regression model adjusted 
for pT stage, grading, and IMP3 positivity, pT stage (HR, 
4.788; 95% CI, 1.584 to 14.47 l;p = . 006) and IMP3 positivity 
(HR, 1.4.175; 95% CI, 1.159 to 15.043; p = .029) were signifi- 
cantly associated with disease-specific survival. 

DISCUSSION 

The incidence of RCC is increasing steadily and nephrectomy 
is the standard of care for localized RCC. 2 Between 20% and 
40% of patients with localized tumors develop metastasis dur- 
ing follow-up and survival rates for those with metastatic dis- 
ease are typically less than 10%. 3 ' 4,20 For the metastatic disease, 
there are no effective therapies because RCCs are generally re- 
sistant to systemic chemotherapy, radiotherapy, and hormone 
therapy, or are marginally sensitive to immunotherapy. 21 Re- 
cently, new drugs like sorafenib, sunitinib, and temsirolimus 
have been used for patients with metastatic RCC. However, the 
survival improvement of these new drugs is not sufficient. 22 
Therefore, a biomarker that can detect RCCs with high possi- 
bility of metastasis is promising for the management of patients, 
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Fig. 3. Kaplan-Meier curves depicting the impact of Ki-67 proliferating index on the metastasis-free survival (A) and cancer-specific survival 
(B) of patients with clear cell renal cell carcinoma. 
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Fig. 4. Kaplan-Meier curves depicting the impact of p53 expression on the metastasis-free survival (A) and cancer-specific survival (B) of pa- 
tients with clear cell renal cell carcinoma. 



understanding of carcinogenesis, and development of new drugs. 

In this study, well-accepted RCC-associated prognostic fac- 
tors including nuclear grade, sarcomatoid change, tumor stage, 
and tumor size were ascertained as important prognostic factors 
associated with distant metastasis and poor patient outcome. 6 
IMP3 expression was associated with development of distant 
metastasis and poor outcome. Patients with IMP3-immunopos- 
itive tumors developed metastasis and died with disease more 
frequently than did those with IMP3-immunonegative tumors. 
IMP3 positivity was also associated with higher tumor grade, 
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more frequent sarcomatoid change, larger tumor size, and high- 
er pT stage. In multivariated analysis, IMP3 expression was in- 
dependently associated with development of metastasis along 
with pT stage. In survival analysis, patients with IMP3-immu- 
nopositive tumors showed shorter metastasis-free survival and 
disease-specific survival. In multivariated analysis for disease- 
specific survival, IMP3 expression was independently associated 
with shorter survival. These data show that IMP 3 expression in 
primary RCC is strongly associated with metastatic potential 
and provides important prognostic information for patients with 
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localized tumor after nephrectomy. These results are consistent 
with those of previous studies performed in the western coun- 
tries. Jiang et alP demonstrated that IMP3 expression was sig- 
nificantly associated with higher stage, nuclear grade, and dis- 
tant metastases in RCC patients. Hoffmann et al. s also showed 
that IMP3 expression represented an independent predictor of 
aggressive CCRCC tumor behavior associated with advanced 
stage and higher grade. 

Although IMP3 expression has significance in CCRCC, the 
mechanism of IMP3 in metastasis is underexplored at the cur- 
rent time. IMP3 is an RNA binding protein and the RNA tar- 
gets of IMP3 include (3-actin, c-myc, IGF-II, and GUI. 23 ' 24 It 
has been implicated in various post-transcriptional processes, 
such as stabilization of transcript, mRNA localization, and trans- 
lational control. 24 Recently, IMP3 was demonstrated to promote 
cell adhesion and invadopodia formation, findings which sup- 
port roles for IMP3 in cell migration and invasion, leading to 
cancer progression. 9,24 The related upstream and downstream 
pathways of IMP3 expression are mostly unknown. A recent 
study revealed that Wnt and Hedgehog (Hh) signaling path- 
ways might be associated with IMP3 expression. 23 High mobil- 
ity group AT-hook 2 (HMGA2), an invasion associated oncofe- 
tal protein, was also suggested to be regulated by IMP3. 9 In the 
future, with advancements in the understanding of IMP3-asso- 
ciated tumor progression and metastasis, there will be great op- 
portunities for development of new therapeutic applications 
through the control of IMP3 expression. 

The overexpression of p53 has been reported in 24.5% (2- 
60%) of RCC and is considered as a late event in renal carcino- 
genesis. Unlike in other cancers, the overexpression of p53 is 
not attributed to mutation of p53 in RCC. 19 There have been 
some controversies regarding the prognostic significance of p53 
overexpression, but most studies have shown that patients with 
p53-immunopositive tumors have a greater risk of tumor recur- 
rence and/or distant metastasis in the localized disease. 17 " 19,25 Our 
results are contradictory to previous observations. Our study re- 
vealed that p53 overexpression was observed in 41.2% of CCR- 
CCs and was not associated with higher tumor grade, develop- 
ment of distant metastasis, or poor patient survival outcomes. 
The differences in findings may be attributed to the antibody 
used, tissue processing, cut-off value of staining intensity, or pa- 
tient population. Further studies are needed to clarify the sig- 
nificance of p53 expression as well as the causal relationship. It 
is worth noting that p53 overexpression was associated with 
IMP3 expression in our study. This association has been report- 
ed in other cancers including bile duct cancer and bladder can- 
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cer i3,i4 i nterre lationship between these two markers in RCC 
needs further clarification. 

Visapaa et al. 1 and Dudderidge et al. 26 reported that increased 
Ki-67 expression predicted a poor prognosis and was associated 
with higher nuclear grade in RCC. The results of the current 
study also support the previous findings. CCRCCs with high 
Ki-67 PI showed strong association with higher tumor grade, 
higher pT stage, and more frequent metastasis, but not with 
disease-specific survival. Like p53 expression, tumors with high 
Ki-67 PI more frequently showed IMP3 expression. This obser- 
vation has been documented in other tumors like hepatocellular 
carcinoma, B cell lymphoma, meningioma, and bile duct carci- 
noma. 14 ' 27 " 29 With these findings, IMP3 is considered to be a 
better prognostic marker than p53 or Ki-67 and these three 
proteins may be closely connected. 

There are some limitations to the current study. First, the 
number of patients included was not sufficient to elucidate the 
importance of IMP3 and other markers. Second, this study does 
not clarify the mechanism of IMP3 expression and its role in 
metastasis. Third, the causal relationships of IMP3, p53, and 
Ki-67 with CCRCCs were not studied. A further study with a 
larger patient population and functional investigation is needed. 

In summary, IMP3 is an independent prognostic marker for 
CCRCC. Expression of this marker in localized CCRCC may 
help to identify patients with a high probability of developing 
metastasis after surgery and dying from the disease. 
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